Abstract Resonance smctwes in n = 2 and n = 3 electron-helium excitation cross sections are calculated using the J-matrix method. The number of close-coupled helium bound and continuum stam is &en to convergence. e.g. about 100 channels are coupled for each total spin and angular momenrum. It is found that the present 3-matrix resule are in good shape agreemenr with recent 29-state R-mabir calculations. However, Ihe J-matrix absolute cross sections are slightly lower due Io fhe influence of mntinuum channels included in the present method. Experiment and thmry agree on the positions of the n = 2 and n = 3 resonances.
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Letter to the Editor Konovalov and McCarthy (1994b) used the method to describe Fesonances in electronhydrogen scattering. It was shown that, as for the Poet-Temkin problem. such physical observables as cross sections can be calculated to any required accuracy.
In this work we continue the study of resonances in electron-atom scattering. We present calculations of electron-helium scattering in the energy region of the n = 2 and n = 3 resonances using the J-matrix method.
In the case of electron-hydrogen resonances there is a pseudostate close-coupling calculation of Callaway (1982) which is in complete agreement with the absolute measurements of Williams (1988) . Tne J-matrix calculation of Konovalov and McCarthy (1994b) is in complete agreement with both. The R-mahix calculation of Fon et al (1994) , which only coupled exact bound states of hydrogen, obtained absolute cross sections about 10% higher.
Firstly, relative experiments of Brunt et al (1977) and Buckman et a1 (1983) predict different yields of metastable (z3S and 2lS) helium atoms resulting from electron impact on helium, as a function of the incident electron energy. Secondly, multiconfiguration wavefunctions are required for the ground and excited states of helium (Froese-Fischer 1977) to be able to reproduce their energies to sufficient accuracy.
The aim of this work is to calculate the absolute values of n = 2 and n = 3 excitation cross sections of helium, The full problem is solved to an accuracy of better than 3% for n = 2 and 5% for n = 3 excitation cross sections. The number of coupled bound and continuum target states is increased until convergence in the cross sections is achieved, e.g. about 100 channels were coupled for each LS. The resonances can be considered as decaying states of the He-system. In the present calculation about 1000 He-states were generated for each LS. We therefore present the resulting cross sections rather than giving a table of a vast number of resonance energies and widths, e.g. there are about 20 He-S-states just in the energy region up to 20 eV.
Quite a complete formulation o f the J-matrix method was given by Broad and Reinhardt (1976) and references therein. Here w_e present details of a calculation specific to electronhelium scattering.
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The situation with electron-helium resonances is more complex.
A complete set of orthogonal Laguene functions
is used to create the basis functions by diagonalizing the one-electron Hamiltonian, where nl denotes the principal quantum number and angular momentum of a one-electron state. The coordinate space of the same size is covered for each I i f the following set of A/ is used
The r$*, functions ( I ) are directly related to the non-orthogonal Laguerre functions used in the J-matrix method via R'=O Helium states are created by diagonalizing its non-relativistic Hamiltonian in the following set of correctly antisymmetrized configurations with a total target spin Sr and orbital angular momentum L t . One electron always has I = 0 and can be in Is. 2s. . . .,nosstates. The second electron can be in any nl state with n -/ < &. We use the set of fi, = 12,8,6 ,5 with & = 1.2 and no = 4. The resulting eigenvalues are presented in table 1. All excited-state energies are described to an accuracy of better than 0.1%.
Our description of the ground state does not include such configurations as (Zp)*, ( 3~)~ and (3d)* which are needed to get the same accuracy as for the excited states (FroeseFischer 1977) . Excitation thresholds are calculated using the MCHF ground-state energy (EO = -2.90303 au) instead of the first eigenvalue (E1 = -2.87247). We have made this energy shift (0.8316 eV) in comparing our cross sections with experiment. Comparison with the experimental values of Moore (1971) shows that all considered excitation thresholds are reproduced to an accuracy of about 0.1% or better except for 2's (0.3%). The J-matrix method requires wavefunctions of the whole system, target plus the scattering electron. He-states are created by adding one more electron to the target configurations with the electron being in one-electron states with II -/ ("1.
The total
Hamiltonian of He-is diagonalized for each total spin S and orbital angular momentum L. More than 1000 configurations were used for some LS. We used the convenient formulae of Fano (1965) to calculate the He-matrix elements. The eigenvalues of He-are invariant under any h e a r transformation of the initial basis qnnr (Z), e.g. if the basis is made directly from Laguerre functions (1) (diagonalization step (2) is omitted). This property is satisfied when all possible He-configurations are included in the diagonalization for each L and S.
However the usage of @, , , defined by (2) speeds up convergence for the cross sections by f l~ and no.
It has been found that all physical observables converge faster by 13, than by NI which is used in the J-matrix formalism to solve the scattering equations. 
The parameters were obtained by increasing &, N, and no for a particular A0 until further increase led to a difference in the cross section within the required accuracy. Small variations of A0 further confirmed that convergent results are achieved.
In figures I(a) , ( c ) and 2 we present our results and compare them with the 29-state R-matrix results of Fon er ai (1993) . As in the case of electron-hydrogen resonances (Konovalov and McCarthy 1994b ) the R-matrix results are slightly higher in the energy region above the n = 2 thresholds (Z3S, 2'S, 23P and ZIP). This is due to the influence of the continuum channels, which are not included in the R-matrix calculations (Fon et a1 1993 (Fon et a1 , 1994 . Some discrepancy in the 20-21 eV region is most likely due to different ways of describing the ground state of helium. We assumed that the results of Fon et al (1993) In figures l ( b ) and ( d ) we compare our results with curves describing the relative experiments of Brunt et nl (1977) and Buckman et al (1983) , which are normalized at the 2 6 2 1 eV energy range to the present calculation. The plotted expedmental values have some additional small errors, as we had to extract the experimental data by hand from figures in the papers. We agree with the position of the n = 2 and n = 3 resonances described by the experiments. However, we do not support the overall behaviour of the metastable yield measured by Buckman ef al (1983) . If the experiment is normalized in the 2G21 eV range, than the value is too high at the higher energies. This is further supported by the comparison with the R-matrix results and variational calculations of Nesbet (1979) in figure Kc).
Some additional excitation cross sections are presented in figure 3 for future reference. In conclusion. inclusion of helium continuum states has only a small effect in comparison with the R-matrix calculations, which coupled only bound states. Some remaining differences between theories is likely due to some differences in the description of the helium ground and excited states.
